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Abstract
Because of their compact design modern mobile devices facilitate ubiquitous interaction in a broad application area. Text input 
on the limited spaceof a mobile device often leads to small sizes of interaction buttons. Therefore, the commonly used keys of a 
soft-keyboard become very small. Hitting these keys correctly requires high-precision movements and incorrectoperations are 
frequent. Furthermore, interaction with mobile devices often involvesadditional activities of the user. This context requires a
specially adaptedinterface. It includes touch button sizes, which should be adapted or at least be adaptable to the walking 
condition.The goal of this study was to investigate in the optimal size of the sensitive areas of touch buttons for mobile devices. 
A literature research revealed that button sizes as well as interaction while walking has been addressed before, but until now the 
influence of walking on interaction accuracy has not been studied. Therefore, we run a study to cover this issue. Thereby, for
time on task, we found highly significant differences between small button (5*5 mm) and all the other button sizes (p < 0.01). 
Walking had a highly significant influence for the button sizes 5*5 mm and 8*8 mm (p < 0.01). Error count showed an influence
of button size (5*5 mm) compared to the other sizes (p < 0.01). Additionally, it showed a highly significant influence of walking 
(p < 0.01). Walking triggered a very high number of errors, especially in smaller buttons. But even in bigger buttons the error 
count increased significantly (p=0.041). A button size of 8*8 mm is applicable while standing, but still triggers a high number of 
errors. Only using button sizes of 14*14 mm showed low errors rates while walking as well as while standing. Therefore, we 
recommend this button size especially for designs, which are to be used while walking.
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1. Introduction
In modern production processes, human skills and capabilities have a crucial impact as human intervention is
needed in multiple situations. At larger sites, this demands operators who change their location due to production
requirements. Especially, monitoring production processes and taking samples may cause them to shift between 
differentworkstations in the production plant. Depending on the plants’ size, operators will often be walkingto 
bridge the distance between these locations. 
Furthermore, modern production concepts, like smart factory or industry 4.0, demandproduction-monitoring 
operatorsto belinked to the control systemconstantly. Mobile devices facilitate the necessary permanent interaction. 
So, operatorsare able to feed the results of their production checks instantly into the system, and at the same time, 
obtain information concerning the production process from the system. This enables the operators to react 
immediately to upcoming incidents or critical events.
This situation requires incessant, ubiquitous opportunity to interact with the computer system. Especially, in 
critical situations operators will need to interact on their way between different locations in the plant. This involves 
interaction with mobile devices, e.g. a smartphones or tablets, while walking. 
Due to their portability, mobile devices are light-weight and small, includingdisplay sizes. Yet, graphic user 
interfaces (GUIs) often are not adapted to this; desktop computer GUIs are migrated to the smaller devices without 
consideration of their special requirements. This results in miniaturization of icons and buttons. Furthermore, 
designers often wish to include as much information and interaction opportunities as possible on a single screen.
This also leads to the usage of small sized icons and buttons. 
Interaction with mobile devices while walking is a special scenario, as walking influences human capabilities. 
E.g. visual acuity on a mobile device decreases by about 20% compared to visual acuity while standing [1].
Therefore, the GUI should be adapted to the special scenario of walking.
Besides visual perception of the GUI, input is a crucial part of the interaction.Aimed touching of the display
using the index finger is ausualway of interacting with mobile devices. Human-centred design of the GUI facilitates 
successful interaction by touch. Crucial part of this interaction is the size and position of touch-sensitive buttons. 
Some studies focus on the button sizes of touch-displays. E.g., Sears et al. carried out a study for seated operators,
using the index finger for touch interaction. They found an optimal button size of 22.7*22.7 mm[2]. In another study 
using a task involving input of numbers in a touch-display, Scoot and Conzolacompared squared buttons 
sized16*16, 18*18 and 20*20 mm for index finger input. Interaction according to time on task and error rate did not 
differ[3]. Vogel and Baudischregarded six different button sizes of2.6 to 41.8 mm for interaction by index finger for 
a seated operator. Time on task did not differ, but error rate was significantly higher for smaller button sizes than for 
larger ones[4]. Colle and Hizem used button sizes of 10, 15, 10 and 25 mm with standing operators. The authors
found significant differences for time on task between the sizes 10 and 15 mm[5].In smaller devices, one-handed 
interaction has become common. In this interaction mode, one hand holds the device while the thumb of this hand is 
used for interaction [6]. Parhi et al. focused on single-handed input of letters and numbers. The optimal button size 
they found, was a button size of 9.2 mm[7].Park et al. compared button sizes of 4, 7, and 10 mm. Error rate 
decreased with larger button sizes. Additionally, comfort and success increased[8].
Additionally to the abovementioned studies, walking influences the movements of the arms and the fingers 
involved in the interaction.Therefore, it gets more difficult to move the hands accurately whichcauses higher effort 
to aim small areasprecisely. This leads to the question of optimal touch button size for the special scenario of 
interaction with a mobile device while walking. Previous studies have focused on this problem: Comparing smaller 
button sizes with respect to pen input, Mizobouchi et al. studied different button sizes for a virtual keyboard. Range 
of the button sizes was 2.0*2.5 to 5.0*6.3mm. Larger button sizes resulted in prolonged time on task, especially in 
comparing the smallest and the biggest size. Comparing walking and standing, error rate was higher while 
walking[9]. Alexander et al.looked into interaction facilitated by a pen in different walking speeds (0, 2, 3.5 and 5 
km/h). Error rate increased with walking speed:In standing condition they found 4.2% in comparison to 10.1% at 
5km/h[10].Schildbach and Rukziosurveyed thumb-based single-handed interaction while standing and while 
walking. Button sizes were 6.7, 8.2 and 9.5 mm. Time on task increased up to 31% while walking and error rate was 
up to 6% higher. Performance increased for larger buttons[11].
Additionally, interaction is not the main task of the operator. While walking he or she has to be attentive to the 
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surroundings to be able to navigate and to avoid obstacles and collisions. Therefore,the distraction caused by 
interaction with the mobile device should have a minimal impact on his or her attention to theenvironment. This 
distraction may also be influenced by the design of the interface. To address this problem, in another study a pen 
was used as input-device and sitting, standing and walking on a treadmill and walking on an obstacle course were 
considered. Walking was not found to have an effect on time on task,in contrast to button size,wheretime on task 
decreased with increasing button size. Error rate was highest onthe obstacle course and lowest in seated position 
[12].
However, none of the abovementioned studies addresses the question of an optimal button size for mobile 
devices for walking conditions in distracting settings. Therefore, we carried out a study to obtain characteristic 
values for the special situation of interaction with a mobile touch device while walking through a distracting 
environment. 
2. Method
12 participants volunteered to take part in the survey, 9 male and 3 female. They were aged 23-33and the medium 
age was 28.All participants were right-handed and none of them had dyschromatopsia. An experimental design with 
repeated measures was used, so all participants completed the task under each condition.
Experimental task was interaction with a smartphone asmobile hand-held device. During the task, participants 
held the device in the left hand, using the right index-finger for input. They were on aHP / cosmos pulsar treadmill, 
walking at a speed of 5 km/h or standing. For safety reasons, participants were equipped with a harness, which was 
fastened to a safety bar above the treadmill. In case of tripping or falling this granted the participants’safety by
automatically turning off the treadmill. 
In front of the participants was a powerwall sized 3.6*2.3 m with back projection system. Therefore no projection 
equipment distracted the user.
The virtual scene consisted of a circuit in a rural environment (seeFig. 1). The scene was realized as a level in the 
computer game Crysis (Crytek GmbH, Frankfurt, Germany) using the related gaming-engine CryENGINE.2.
Participants were equipped with a Samsung Galaxy S2 GT-I9100providing a diagonally measured screen size of 
10.85 m (4.27 in) and a resolution of 800*480 pixels. It weighed 116g with dimensions 125*66*8.49 mm and used 
the operating system Android 2.3.
To trigger input interaction, symbols appeared at random moments. Screening time of the symbols was as long as 
the input procedure lasted. After finishing the input procedure a random interim time of 1-4 sec started, ended by the 
display of the next symbol. The symbols differed in shape, color, filling element, and fringe. This resulted in 64 
different symbols. Each symbol appeared once;the participant’s task was to enter allthe special features of every
symbol using the smartphone by using a hierarchical menu structure that required 5 actions on the touch display per 
symbol. 
To draw the attention of the participants to the display during the whole experimental task, additionallydistractors 
were displayed on the screen. Time between distractor screenings was 1-9 sec. As a secondary task the participants 
had to monitor the virtual environment and report the distractors as soon as they showed up. 
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Fig.1. Virtual scene including a symbol (a); test environment (b).
We used two independent variables. The variable “walking” had two conditions “walking” and “standing”, the 
other variable was “touch button size”. The conditions were chosen to match standard touch button sizes of currently 
available smartphones. Often buttons on standard keyboards are sized about 5*5 to 4*6 mm. Icons on the home 
screen have been found to be square with a side length of about 8-10 mm. Bigger touch buttons are rarely used in 
standard applications. Therefore, a four-fold variation of the variable was chosen: the touch button was sized 
5*5 mm in the first, 8*8 mm in the second, 11*11 mm in the third, and 14*14 mm in the last condition.
Dependent variables were average time on task per symbol, error count and reaction time with respect to the 
distractors. 
On the GUI we depicted a symbol as well as a touch button.A strength of touch interfaces is to provide icons 
which serve as visual symbols as well as touch sensitive interaction area. In this experiment, we had to deviate from 
this practice. Touch button sizewas so small in some conditions that an adaptation of the visual symbol’s size would 
probably have caused visually induced influences. So, contrary to usual practice, touch button and visualsymbol 
were separated. This led to equally sized visual icons in all conditions and additional touch buttons. The solution we 
used is depicted inFig. 2. Grey areas varied in size and served as touch buttons while the size of the symbols was 
constant in all conditions.
Each participant volunteered for four sessions on consecutive days. In each session, one of the button sizes was 
administered; order of the conditions was permuted interindividually. Both conditions of the variable walking were 
administered in one session; order of standing / walking was balanced. Prior to the test, task and interaction were 
trained. 
a b c d
Fig.2. Touch button sizes and visual symbol: (a) 5*5mm; (b) 8*8mm;(c) 11*11mm;(d) 14*14mm.
a b
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Fig.3.Mean and standard deviation for time on task.
3. Results
The data was analysed by means of SPSS PASW Statistics 20.0. All sets were checked for normality by a 
Kolmogorov-Smirnov goodness-of-fit-test. For all data, normality of distribution was proved. Therefore, we carried 
out a two-factor multivariate analysis of variance (MANOVA) with repeated measures on both factors. In case of 
significant outcomes for the Mauchly-Test for sphericity, Greenhouse-Geisser-Corrections were administered. In 
case of significant results of the MANOVA, we applied pairwise comparisons using the Bonferroni-correction as 
post-test additionally.
Time on task was defined as the meaninput time for one symbol, the measurement of time started with the first 
interaction and ended when the resulting symbol was confirmed. Mean time on task (standard deviation) was 
M5 = 6.73 sec (SD5 = 1.22 sec); M8 = 4.93 sec (SD8 = 0.85 sec); M11 = 4.92 sec (SD11 = 1.09 sec) and 
M14 = 4.70 sec (SD14 = 0.74 sec) respectively. We found significant influence for button size (F(3,21) = 18.429; 
p < 0.001). Post tests showed significant differences between 5*5 mm button size and all other sizes (p5/8 = 0.012; 
p5/11 = 0.027; p5/14 = 0.003). In the 5*5 mm condition, time on task takes longer than in all other conditions (see Fig. 
3).
The condition walking also influenced time on task significantly (F(1,7) = 18.025;p = 0.004). The tasks took 
0.56 sec longer while walking (M = 5.60 sec, SD = 1.47 sec) than while standing (M=5.04 sec, SD = 0.89 sec). 
We found a highly significant ordinal interaction between the two conditions (F(3,21) = 22.6; p < 0.001), 
particularly for the conditions 5*5 mm and 8*8 mm. So, especially for small touch button sizes, walking adds to 
hampering interaction. 
Touch button size influenced error count significantly (F(1,7) = 37.4; p < 0.001). Error rate was highest for the 
smallest button (M5 = 90, SD5 = 61) and decreased with increasing button size (M8 = 2.1, SD8 = 17; 
M11 = 11,SD11 = 9; M14 = 8, SD14 = 6). Post test showed significant differences between smallest size and all other 
sizes (p5/8 = 0.0003; p5/11 = 0.004; p5/14 = 0.0002) and between 8mm and 14 mm (p8/14 = 0.01). Fig. 4 depicts these
differences. 
The condition “walking” showed a highly significant influence on error count (F(1,7) = 94.935;p < 0.001).
Participants missed the button M=18 times (SD=21) while standing and M=47 times (SD=56) while walking. 
Furthermore, we found a significant ordinal interaction for the two conditions (p<0.041).Therefore, walking 
reinforces the effect of button size on error count. 
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Fig.4. Mean and standard deviation for error count.
Reaction time in secondary task for the condition button size was found to be M5 = 1.62 sec (SD5 = 0.37 s),
M8 = 1.52 sec (SD8 = 0.32 s), M11 = 1.65 sec (SD11 = 0.58 s) and M14 = 1.32 sec (SD14 = 0.30 s), respectively (see 
Fig. 5). For the other condition we found 1.48 sec (SD = 0.36 s) for standing and 1.57 sec (SD = 0.47 s) for walking. 
It was not influenced by button size (F(3,21) = 2.796; p = 0.06) or walking (F(1,7) = 0.476; p = 0.513).
4. Discussion
This survey’s objective was to determine a touch buttonssize which facilitates unhampered interaction with a 
mobile device while the operator is walking. Therefore, we considered the influence of button size and walking on 
interaction performance and distractor detection. We found button size as well as walking vs. standing to affect 
performance. In contrast to this, neither of the factors influenced distractor detection. 
Fig.5.Mean and standard deviation for reaction time.
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Usage of the smallest button size 5*5 mm led to the poorest interaction performance. It differed significantly 
from all other button sizes; time on task took longer than in the other conditions. This result confirms the findings 
ofLin et al, Mizobouchi et al. and Schildbach and Rukzio[9, 11, 12]. Larger touch buttons (8*8mm, 11*11mm, 
14*14 mm) showed no significant difference in time on task. This is consistent with the results ofScott and Conzola
who used button sizes of at least 16*16 mm[3].In contrast to our findings, Vogel and Baudisch found similar time 
on task for a broad range of button sizes[4]. However, longer time on task for small button sizes may be due to 
higher effort and precision to hit the target. In combination with the distance to the target this fact could be 
explained by Fitts’ Law [13]. Therefore, a subsequent study regarding this law is planned. 
Walking also influenced time on task, especially for small button sizes. This confirms the findings by Alexander 
et al. and by Schildbach and Rukzio[10, 11]. This effect might be caused by the additional relative movement of the 
body partsduring walking. These movements hamper precision. To compensate this, additional time on task is
needed.
Button size as well as walking had a distinct effect on error count. Buttons sized 5*5 mm triggered a very high 
error count.We found 75 % less errors for the 8*8 mm condition, but it still caused double the number of errors than 
11*11 mm and three times the number compared to the 14*14 mm condition. These results confirm the findings of 
other studies [4, 9–12].Higher error rates in smaller buttons are induced by the higher precision required to hit the 
small target. Especially in the walking condition, it is hard to be that precise. This finding is supported by the 
significant interaction of both factors for error count. In particular, small button sizes are influenced by the 
combination with walking. In larger button sizes, difference between walking and standing condition decreases to a 
non-significant minimum.
The expected influence of the factors on detection of distractors in the surrounding was not found. Neither 
walking nor button size had an influence on distractor detection. 
To sum up, we found the 5*5 mm sized touch button to be too small for interaction while standing as well as 
walking. The Performance measures were the worst in the survey, especially in the walking condition. A touch 
button size of 8*8 mm still triggered many errors, but time on task did not differ from larger buttons.Buttons sized
11*11 and 14*14 mm resulted in a lowerror count. Only the largest button (14*14 mm) showed no difference in 
error count for walking condition. Therefore, the 14*14 mm can be recommended for use while walking. The
11*11 mm button still facilitates a low error count in unhampered interaction. If a moderately high error-proneness
is acceptable, 8*8 button mm can be recommended. Smaller buttons should be used only if high error rates are taken 
into account.
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